Objectives: To share our experience in managing a rare involvement of phrenic nerve injury in laryngeal trauma.
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Vol. 25 no. 2 July -december 2010 CASE REPORTS in respiratory distress. His voice was hoarse, and his neck appeared swollen with subcutaneous emphysema on the right side. There was no open wound but anterior neck bruises were apparent at the level of the hyoid bone which was tender on palpation. Laryngeal crepitus was absent with loss of thyroid prominence. Laryngeal injury was suspected.
The trachea was midline. Lung examination showed reduced air entry to the right lower lobe. Other physical examinations were otherwise normal. During the primary survey, the patient was self-ventilating with no signs of distress. An emergency tracheotomy was performed for airway protection. After the patient was stabilized and the severity of injury identified clinically, he was put under general anaesthesia with ventilation via tracheotomy tube, and direct laryngoscopy and neck exploration was performed. The aryepiglottic folds were oedematous with haematoma collection and mucosal lacerations over the right ventricle and right aryepiglottic fold exposing the right arytenoid cartilage. There were comminuted fractures of the thyroid cartilage. Vocal cord mobility could not be determined due to distorted anatomy at the supraglottic level. There also was a small haematoma on the left strap muscles. The findings were consistent with laryngeal injury Schaeffer-Fuhrman class IV according to the laryngotracheal injury classification proposed by Trone and Schaefer 1 and modified by Fuhrman et al. 2 The fractured thyroid cartilages were repaired with prolene 4/0 (Ethicon Inc, a subsidiary of Johnson & Johnson) and the mucosal lacerations sutured with vicryl 6/0 (Ethicon Inc, a subsidiary of Johnson & Johnson) to cover exposed cartilage. He was also started on intravenous Ciprofloxacin and Metronidazole in view of the exposed cartilage.
A pre-operative chest radiograph (Figure 1 ) showed an elevated, immobile right hemi-diaphragm, fixed at the level of the seventh right posterior rib. An abdominal ultrasound confirmed the immobility of the right hemi-diaphragm, but there was no evidence of solid organ injury, organ eventration or free fluid in the abdomen. A cervical CT scan showed no fracture of the cervical spine. A diagnosis of laryngeal trauma with right hemi-diaphragmatic paralysis secondary to traumatic right phrenic nerve palsy was made. Pre-morbidly, this patient had no significant previous respiratory symptoms and he was an active young man.
The patient was subjected to vigorous chest physiotherapy, and started on naso-gastric tube feeding to allow recovery of the larynx. He also developed hospital-acquired pneumonia which resolved with intravenous antibiotics. The patient was carefully monitored and continued to make an otherwise uneventful recovery. A repeat chest xray one month after the trauma showed a normal diaphragmatic level. Two months after the trauma, decannulation of the tracheotomy tube was done successfully. A swallowing examination showed adequate laryngeal function with minimal pooling, and the tube feeding was gradually discontinued. At six months, indirect laryngoscopy showed excellent healing of laryngeal wounds and normal mobility of bilateral vocal cords. The patient remains asymptomatic after six months.
DISCUSSION
The phrenic nerve which is formed from C3, C4, and C5 nerve fibres, descends along the anterior surface of the scalenus anterior muscle of the neck, deep to the sternocleidomastoid muscle, later sandwiched between the subclavian vessels on its way into the thorax. It carries motor and sensory fibres to the diaphragm. Its anatomic location in the neck makes it vulnerable to traumatic injury.
Traumatic phrenic nerve injury is commonly caused by penetrating injury to the neck, blunt trauma to the chest, 3 jugular or subclavian catheterization, cardiovascular surgery or birth trauma. 4 Injury may occur at any level along the course of the nerve including neck, chest, heart and abdomen. In trauma cases, hyperextension of neck, cervical injury, chest trauma with rib or lung injury, cardiac trauma such as cardiac tamponade or diaphragmatic rupture may lead to phrenic nerve injury. The pathophysiology of nerve injury may include stretching, transection or compression of the nerve 5, 6 as well as chemical injury of the myelin sheaths from cold topical cardioplegia as seen in lung transplants. 7 In this particular case, the mechanical force that caused severe laryngeal structure injury may explain involvement of the phrenic nerve. The great impact on the anterior neck may have caused sudden hyperextension. Neck hyperextension could have led to overstretching 
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Vol. 25 no. 2 July -december 2010 CASE REPORTS of the phrenic nerve axons without disrupting the integrity of the nerve. The time for recovery would therefore depend on the distance of the nerve injury to the diaphragm, as well as the rate of regeneration. 8 Although there is also a possibility that phrenic nerve injury may have been due to compression by hematomas of the anterior scalenus or sternocleidomastoid muscles as the nerve runs along these muscles, no severe haematoma of the neck muscles was noted intra-operatively. Most cases of laryngeal injury present as airway emergencies, obscuring the possibility of respiratory distress contributed by diaphragmatic paralysis following phrenic nerve injury. Most patients with traumatic unilateral diaphragmatic paralysis are usually asymptomatic at the time of the incident. Some will develop dyspnoea with reduced effort tolerance on exertion. A small number of patients may present with respiratory, gastrointestinal or cardiovascular embarrassment as a result of organ eventration, immediately or delayed, months after trauma. 6 More intense symptoms are observed in patients with bilateral diaphragmatic paralysis.
Clinical examination of the chest in a patient with diaphragmatic paralysis often reveals dullness with reduced movement of the affected chest. Diagnosis is also supported by plain chest radiography which shows an elevated hemi-diaphragm. Lung infection could be a consequence of the paralysis of the hemi-diaphragm whereby the dome lies high in the thorax producing atelectasis and shunting of pulmonary blood flow which can lead to lung infection. 9 Hemi-diaphragmatic elevation in trauma cases seen in plain radiographs could be caused by phrenic nerve injury causing diaphragmatic paralysis as explained above or may be due to diaphragmatic rupture. Diaphragmatic paralysis may closely mimic diaphragmatic rupture or vice versa. 5 Valuable information can be obtained from plain chest radiographs. Asymmetry of a hemi-diaphragm is easily seen. The presence of abdominal organs or the placement of a nasogastric tube in an herniated stomach may help in the diagnosis of diaphragmatic rupture. 10 CT imaging has increasingly become the mainstay of investigations for suspected diaphragmatic injury. An abrupt discontinuity of the diaphragm and waist like constriction (collar sign) of herniated organs are well seen in cases of diaphragmatic rupture. Sagittal, coronal, and 3-dimensional reformation CT scans may improve sensitivity. 10 Multiplanar imaging MRI scanning provides a definitive diagnosis of diaphragmatic rupture, and can show intrathoracic herniation of the abdominal viscera. 10 However, MRI may not readily available in every centre.
Other useful ancillary investigations to confirm or exclude diaphragmatic paralysis or rupture include fluoroscopy and ultrasonographic assessment during respiration. Absent or decreased diaphragmatic motion on these studies is suggestive of diaphragmatic injury. The less popular but valuable barium studies confirm the diagnosis by showing herniated viscera above the diaphragm and constriction through the diaphragmatic tear.
As in our case, the main aim of treatment is to secure the airway. Most laryngeal trauma requires emergency tracheotomy in the setting of an edematous and severely deformed airway. Subsequently, a thorough examination can be done under general anaesthesia via direct laryngoscopy and the laryngeal injury repaired accordingly. The patients are usually put on a feeding tube as to allow adequate healing of laryngeal injuries. Decannulation trials may be successful 2-3 months after injury.
Many patients, however, may recover normal diaphragmatic function in 6-12 months. 8 Some will recover much earlier with no subsequent complications as seen in our case. A small percentage of patients unfortunately may later present with respiratory or cardiac morbidities. It is therefore advisable to continue seeing these patients longer as not to miss any possible late complications of diaphragmatic trauma and to accommodate the required voice or speech rehabilitation and airway management.
A search of PubMed and OvidSP using the terms "larynx, " "laryngeal trauma" and "phrenic nerve" did not yield any report of phrenic nerve injury in association with laryngeal trauma. Given the limited sources, it was a challenge to plan an ideal management of this case. To our knowledge, this is may be the first reported case of phrenic nerve injury in association with blunt laryngeal trauma.
